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H-NMR spectrum of 1 showed the presence of two methoxyls, two aliphatic protons due to a dihydrobenzofuran moiety, two olefinic protons, and eleven aromatic protons, including two meta-coupled protons for ring B 2 , two ABX systems for ring A 1 and ring B 1 , and an AB 2 system for ring A 2 . Its 13 C-NMR spectrum exhibited 24 signals representing 30 carbons, including 13 quaternary carbons, 15 tertiary carbons and two methoxyl carbons. Comparing the 1 H-and 13 C-NMR spectra of 1 with those of bisisorhapontigenin A (5) showed that the chemical shifts of 7a, 8a protons (d ca. 4.5 ppm and ca. 5.5 ppm) in 1 H-NMR and 10b, 11b quaternary carbons (d ca. 110 ppm and ca. 162 ppm) in 13 C-NMR were similar, 1) suggesting that the structure of 1 was similar to that of 5, except for the relative positions of ring A 1 and A 2 which were interchanged. Thus, 1 was determined as an isorhapontigenin dimer polymerized by head to head (Fig. 1) .
In order to clarify the stereochemistry of H-7a and H-8a, NOE experiment ( Fig. 2) was carried out. The NOEs between H-7a and H-2a, H-6a, H-10a, H-14a; H-8a and H-10a, H-14a indicated trans orientation for H-7a and H-8a. Therefore, the stereochemistry of 1 was shown in structure 1.
Compound 2 is a light yellowish amorphous powder. The HR EI-MS m/z 771.2445 [MϩH] ϩ , in combination with its 1 H-and 13 C-NMR spectra revealed the molecular formula of C 45 H 38 O 12 (771.2442 calcd for C 45 H 38 O 12 ), which indicated that 2 could be an isorhapontigenin trimer. Its UV spectrum was similar to that of 1, suggesting the presence of strong conjugated system. The IR spectrum of 2 indicated the presence of hydroxyl, aromatic group and trans olefinic bond. The 1 H-NMR spectrum of 2 indicated the presence of three methoxyls, four aliphatic methines due to two dihydrobenzofuran moiety and two trans olefinic protons, as well as 16 aromatic protons, which were attributed to three sets of ABX system for ring A 1 , ring B 1 and ring C 1 , one set of AB 2 system for ring A 2 , and two sets of meta-coupled protons for ring B 2 and ring C 2 . The 13 C-NMR spectrum of 2 showed 35 signals representing 45 carbons (including 20 quaternary carbons, 22 tertiary carbons and 3 methoxyl carbons). The chemical shifts (95-162 ppm) of C-9b, C-9c, C-10b, C-10c, C-11b, C-11c in 2 were similar to those of C-9b, C-10b, C11b in compound 5, indicating that the coupling route of 2 was similar to that of 5. Therefore, The skeleton of 2 was similar to that of miyabenol C (6), 2) a resveratrol trimer. The connectivities for each isorhapontigenin were futher confirmed by HMBC cross-peaks between H-8a and C-9b; H-7a and C-11b; H-7b and C-10c, C-11c; H-8b and C-9b, C-10b, C-10c, C-11c (Fig. 3) .
The stereochemistry of 2 was determined on the basis of NOESY experiment (Fig. 3) . The interactions between H-7a and H-2a, H-6a, H-10(14)a; H-8a and H-2a, H-6a, H-10(14)a demonstrated trans orientation of H-7a and H-8a. The NOEs between H-7b and H-2b, H-14b indicated cis orientation of H-7b and ring B 2 . The cross-peaks between H-8b and H-2b, H-6b, H-14b revealed cis orientation of H-8b and ring B 1 . These evidences supported a trans orientation of H-7b and H-8b. Accordingly, the stereochemistry of 2 was clarified as shown in structure 2 (Fig.1) .
Compound 3 was obtained as light yellowish crystals. The molecular ion peak at m/z 514 (M ϩ ) in EI-MS, combined with the elementary analysis gave the molecular formula of C 30 H 26 O 8 , which suggested that compound 3 was an isorhapontigenin dimer. The UV spectrum of 3 revealed the absence of trans olefinic protons in the molecule. Its IR spectrum exhibited the existence of hydroxyl and aromatic groups. The 1 H-NMR spectrum of 3 showed signals for two methoxyls, two aliphatic methines due to two fused fivemembered ring, two sets of symmetric ABX system due to ring A 1 and B 1 , and two sets of symmetrical meta-coupled protons due to ring A 2 and B 2 . The 13 C-NMR spectrum displayed 15 signals representing 30 carbons (14 quaternary carbons, 14 tertiary carbons and two methoxyl carbons). Analysis of 1 H-, 13 C-NMR spectra and molecular formula indicated that 3 has a symmetric skeleton similar to that of pallidol (7) as shown in Fig. 1. 3)
The stereochemistry of 3 was further established on the basis of the NOE experiment (Fig. 2) . The NOE enhancements between H-7a with H-2a, H-6a, H-14a, and H-8a with H-2a, H-6a, H-14a suggested trans relationship between H7a and H-8a as well as H-7b and H-8b. Therefore, 3 was determined as shown in structure 3 ( Fig. 1) .
Compound 4 was obtained as brown amorphous powder. The UV spectrum of 4 indicated characteristic absorptions of stilbene skeleton with hydroxyl group. The FTMS 1068 (M ϩ ϩHϩK) was in agreement with a molecular fomula of C 60 H 52 O 16 , which in combination with its 1 H-and 13 C-NMR spectra indicated that 4 could be a tetramer of isorhaponti- genin. The 1 H-NMR spectrum of 4 showed signals for four isorhapontigenin units (Table 3) . Two of them formed a bisisorhapontigenin A unit in which C-14c was substituted (part A of 4), showing the following signals: two sets of ABX system for ring D 1 and C 1 , one set of AB 2 system for ring D 2 , two coupled aliphatic protons for dihydrobenzofuran moiety, two trans olefinic protons, an isolated aromatic proton and two singlets for two methoxyl groups. The other two isorhapontigenin units formed another dimer (part B of 4) having a six-membered ring skeleton , which was deduced from the following signals: two sets of ABX system for ring A 1 and B 1 , one set of AB 2 system for ring A 2 , two meta-coupled doublet for ring B 2 , four aliphatic protons for ring B 3 , which formed a six-membered ring with two aromatic carbons, and two singlets for two aromatic methoxyl groups. The connectivities between parts A and B were confirmed by CH long-range correlations in the HMBC spectrum (Fig. 4) . The key correlations between H-7b/C-8a, C-14c, C-8b supported that part A and part B were connected through a linkage between C-8b and C-14c as depicted in structure 4. The relationships between H-8a/C-1a, C-7a, C-10(14)a C-7b; H7a/C-1a, C-2a, C-6a, C-1b, C-8b, C-10b and H-8b/C-7b, C10b confirmed the type of connection for two isorhapontigenins. Therefore, 4 was determined as shown in structure 4 (Fig. 1) , which is a novel isorhapontigenin tetramer.
The stereochemistry of 4 was determined on the basis of NOESY experiment (Fig. 4) . The NOEs between H-7a and H-2a, H-10(14)a; H-8a and H-2a, H-10(14)a suggested a trans orientation of H-7a and H-8a. Interactions between H8a and H-8b, H-2a; H-7b and H-2b; H-8b and H-8a, H-2b, H-14b indicated a cis orientation of ring A 1 , ring B 1 and H8a, H-8b. The cross-peaks between H-7d and H-2d, H-6d, H-10(14)d; H-8d and H-2d, H-6d, H-10(14)d, H-8c indicated a trans orientation of H-7d and H-8d. Therefore, the stereochemistry of 4 was elucidated as shown in structure 4.
In the course of oxidative coupling reaction, (E)-isorhapontigenin was presumably converted into phenoxyl radical intermediates by FeCl 3 to afford R 1 ·, R 4 ·, R 8 ·, R 10 · and R 11 · radicals (Fig. 5) . On the basis of this assumption, the possible mechanisms for the formation of compounds 1-4 were presumed as follows:
The coupling of R 11 · and R 8 · radicals yield an unstable quinone intermediate 9, which generated 1 via spontaneous 240 Vol. 52, No. 2 cyclization as shown in Fig. 6 . The formation of product 2 would be possibly rationalized by coupling reaction of three molecules of 8 as shown in Fig. 7 . The first procedure, combination of R 8 · and R 10 · radicals produced the intermediate 10, which generated compound 5 through cyclization. The second step, 5 was converted into radical 11 by FeCl 3 , which coupled with radical R 10 · to afford quinone intermediate 12.
At last, spontaneous cyclization of 12 yield compound 2. The Cb-Cb coupling of two R 8 · radicals gave a mixture of erythro-and threo-bisquinone methides as the intermediate. Addition of the aromatic ring to two bisquinone methides groups in threo-bisquinone (13) yield the corresponding compound 3 as shown in Fig. 8 . The formation of product 4 would be possibly explained by Diels-Alder cycloaddition and oxidative coupling reaction of four molecules of 8 as shown in Fig. 9 . Dimerization between two (E)-isorhapontigenin via the exo complex produced a head to head connected dimer (14), which was a trisubstituted aryltetralin. Simultaneously, compound 5 was converted into radical 15 by ferric chloride. Then, coupling of intermediate 14 and radical 15 generated compound 4. Compound 5 obtained as a major product in this reaction further confirmed the mechanism.
Experimental General Experimental Procedures IR spectra were run on a Perkin Elmer 683 infrared spectrometer in KBr pellets. UV spectrum were taken on a Shimadzu UV-300 spectrophotometer. NMR spectra were carried out on AM 500 using TMS as internal standard. FTMS spectra were taken on an ZAB-2F and 711 mass spectrometer and HPLC on waters 411.
Extraction and Isolation of Isorhapontigenin Acetone extract of Gnetum montanum (15 g) was subjected to ODS column chromatography (RP-18, 35-75 mm) with CHCl 3 -MeOH-H 2 O (8 : 1.5 : 1, lower layer) as eluent to afford crude isorhapontigenin, which was crystallized in MeOH/H 2 O to give light yellow nubby crystal of (E)-isorhapontigenin (10.7 g), mp 172-175°C.
Oxidative Coupling Reaction of Isorhapontigenin A solution of (E)-isorhapontigenin (5 g, 0.019 mol) in acetone (20 ml) was cooled to 0°C in ice bath, to which a solution of FeCl 3 was added. The reactant was stirred under N 2 and kept for 36 h at room temperature. After removal of the acetone in low temperature, the solution was extracted with EtOAc, and the combined EtOAc extract was dried over anhydrous Na 2 SO 4 for 24 h. Then it was concentrated in vacuo to yield a residue of about 5 g.
Isolation of the Reaction Products
The residue was dissolved in EtOH and mixed with silica gel (60-100 mesh, 25 g). After dryness, the mixture was subjected to a silica gel column eluting with CHCl 3 -MeOH-nhexane-EtOAc-H 2 O (7.5 : 1 H-and 13 C-NMR (acetone-d 6 ) see Table 1 . 6-Hydroxy-2-(3-methoxyl-4-hydroxyphenyl)-3-{4-[6-hydroxy-2-(3-methoxyl-4-hydroxyphenyl)-3-(3,5-dihydroxyphenyl)-2,3-dihydrobenzofuranyl]}-4-(E)- (3-methoxyl-4-hydroxystyryl) 1 H-and 13 C-NMR (acetone-d 6 ) see Table 1 . 1 Hand 13 C-NMR (acetone-d 6 ) see Table 3 .
